Alveolar ridge preservation procedures became a famous procedures after tooth extraction. Different approaches and materials had been studied. Faster and new bone formation is the concept.
INTRODUCTION
Adequate alveolar bone height and width was demanded for ideal functional and esthetic reconstruction. Alveolar bone resorption after tooth extraction remains a challenge in dentistry, specially the first three months. 1, 2 It is a reality, there is no ideal biomaterial option. A variety biomaterials have been used as scaffolds for bone regeneration, for example bioactive ceramics, natural and synthetic polymers and their composites. Natural polymers and their composites are considered promising. Hyaluronic acid (HLA) and chitosan (CH) are examples of natural biodegradable polymer composite 3-5. Polymers can easily be tailored for specific requirements through manipulating their chemical compositions and structures. While, bioactive glass is the best example of bioactive ceramics. 3, 4, 6 Hyaluronic acid (HLA) is a principle component of the extra cellular matrix (ECM). In the field of oral surgery, it demonstrated anti-inflammatory, antioxidant, antibacterial properties, and offers a beneficial effect after wisdom tooth extraction surgery and meniscus repair. [5] [6] [7] [8] [9] It is widely used for bone tissue engineering with excellent viscoelasticity, water solubility and osteogenetic properties. 10, 11 Subsequently, HLA treatment can save the amount of bone graft used and offers ease of use. 10 HLA-based materials were applied into bone defects alone or in association to scaffolds in experimental animals. 5 Osteoconductive scaffold mixed with HLA can improve the rate of bone formation by enhancing osteogenic cell adhesion, proliferation, and migration. 9, 10 ELkarargy 2013, demonstrated that biphasic calcium phosphate (HA/βTCP) scaffold with HLA provides more osteoconductive property when compared to samples without HLA. 5 The bone density and new bone formation measurements of Hyaluronic acid /biphasic calcium phosphate (HLA/HA-βTCP) treated samples was higher by 1.7 and 1.78 times respectively, than that of the HLA free samples at 2 weeks. 10, 12 In an animal study, Sasaki et al (1995) concluded the osteoinductive action of HLA at 2 weeks by accelerating new bone formation of rat femur through stimulating undifferentiated mesenchymal cells (UMC). 13 Moreover, Yazan et al demonstrated HLA bone induction by stimulating (UMC) around dental implant in rabbit's mandibular molar area. 5, 14 HLA levels are dramatically elevated immediately after tooth extraction. It aids both soft tissue and bone healing. Exogenous HLA effect on wound healing of rat cheek defects had shown that HLA improved microcirculation 15, 16 Chitosan as a natural polysaccharide has the advantages being (biocompatible, antibacterial, stable, non-immunogenic and biodegradable) as well as capability of being sterilized. Chitosan improves osteogenic line differentiation of human stem cells. CH is mechanically weak which hinders its use alone. Chitosan biocomposites with inorganic materials result in 3D scaffolds. The most successful examples of these inorganic materials include bioactive glass. 17 Typical bioactive glasses, widely studied by (Hench et al. Andersson et al.) has defects in their dissolution mechanism (glass 45S5 and glass S53P4) due to the formation of a thick silica oxide (SiO2)rich layer, which is responsible for residual unreacted glass, at the surgical site for 14-years post-surgery. New bioactive glass: 46S6 bioactive glass (SiO2 glasses containing calcium Ca and phosphorus P), has the advantage of bioactivity, and high mechanical properties. Formation of a carbonate substituted hydroxyapatite-like layer (HCA) on the bioglass surface is responsible for its bioactivity. This layer is similar to the mineral composition of bone, therefore; it bonds strongly with living bones. 17 The chitosan (CH) and melted bioactive glass biocomposite (CH/MB) showed an excellent capacity to form the apatite layer on the bioglass surface. 18 Moreover, it showed rough surface compared chitosan alone. The ratio 1CH:2MB scaffold composition revealed highest viscosity of all prepared scaffold consistencies. MB increases surface area of scaffold and bioactivity. 17 Fourier transform infrared spectroscopy (FTIR) as non-invasive method that is popular for chemical characterization of mineralized tissues and natural materials, demonstrating frequencies of several vibrational modes of both organic and inorganic molecules, which are active in the infrared. The mineral phase show carbonate and phosphate spectral peaks while, bone organic phase are mainly made of type I collagen that appears as spectral bands of amide I, amide II. 20, 21 
AIM:
The study aim was to evaluate the effect of soaking chitosan bioactive glass biocomposite scaffolds in 0.2% hyaluronic acid for fresh extraction socket of dogs.
MATERIALS AND METHODS

Methods:
Experimental animals:
The experimental study was performed at the Department of Surgery, Anesthesiology, and Radiology, Faculty of Veterinary Medicine, Suez Canal University, Egypt. Six adult healthy male mongrel dogs having comparable age (About one year), average weight 10-15 kg, were involved in the study. Study animals were divided into two equal groups according to sacrifice time; group I: three weeks and group II: Six weeks. So; each group included three dogs.
Surgical procedures:
All experimental dogs were operated under general anesthesia (GA). Each animal was premedicated with Valpam IM (product of AMOUN Pharmaceutical Industries CO (APIC) S.A.E El Salam city, Cairo, Egypt) in a dose of 0.5mg/Kg body weight 10-15 minutes; prior to induction anesthesia. Cannulation and injection of prophylactic antibiotic were carried out with Flumox 500 mg, 2ml IV (Egyptian International Pharmaceutical Industries CO (EIPICO) 10Th of Ramadan city, Egypt), followed by Fortecortin 2ml IM (product of GALAXCO Pharmaceutical Industries CO. El Salam city, Cairo, Egypt). Furthermore; induction anesthesia was achieved using IV administration of Sodium Thiopental IV (Egyptian International Pharmaceutical Industries CO (EIPICO) 10 th of Ramadan city, Egypt), (20-30 mg/kg body weight in dilution of 2.5% solution). General anesthesia was maintained using again IV Sodium Thiopental.
Six animals were subjected to bilateral extraction of the mandibular third premolar. Initially; crown of those teeth was hemi sectioned vertically with tungsten carbide fissure bur. Then; surgical elevators were gently applied for luxation and extraction the teeth roots without traumatizing the surrounding alveolar bone ( Fig. 1: a&b) . The empty tooth socket was irrigated with saline solution. The right socket had received chitosan bioactive glass CH-MB scaffold (Chitosan :ALDRICH, medium molecular weight, Germany) /Melted bioactive glass (Sigma, Germany) in a ratio of 1 CH /2MB soaked in Gengigel® (Dent-O-Care Dalmeyer Road London) High-molecular weight, 0.2% hyaluronic acid (mean m/w 1,500,000) (1 ml volume) for 5 minutes; while the left side had get only a chitosan bioactive glass scaffold ( Fig. 1: c ). Finally; surgical releasing incisions were made for primary wound closure using 4/0 Coated VICRYL® (polyglactin 910) Suture (© Ethicon US, LLC) ( Figure 1: d) ). Animals divided into two groups according to sacrifice date group I (3 weeks) and group II (6 weeks).
Postoperative therapy including analgesic nonsteroidal anti-inflammatory; Cataflam 75mg/2ml IM Cataflam 75mg IM (Novartis Pharma, Pharmaceutical industries Co, Cairo, Egypt)and antibiotic Flumox 500 were systemically administrated to the operated dog once a day for three successive days.
Animal sacrifice was done by rapid IV injection of overdose Sodium Thiopental at 3 weeks and 6 weeks. Mandibles was dissected, sectioned and stored in neutral formalin 10%.
FTIR spectroscopic analysis: Chemical quantitative analysis
The studied samples were prepared and analyzed spectroscopically. Bone blocks were removed from formalin and gently washed before analysis under distilled water, then dehydrated to avoid water spectrum observation, The assessment was done for the new bone formed inside the socket and the original bone for each sample which were analyzed quantitatively by using Fourier Transform Infra-Red spectrometer (FT/IR-6100, Jasco, Japan). All spectra were recorded in the range (4000-400 cm -1 ), the number of scans was 32, and the resolution was 4 cm -1 and scan speed 2 mm/s. Spectroscopic parameters that are evaluated in the infrared spectra of bone include; collagen content,degree of hydroxy-apatite crystal maturity (CO 3 / PO 4 ) and mineral to matrix ratio to suggest degree of calcification (PO 4 / Amide I). The data were analyzed by using base line technique to analyze the spectral vibration infrared according to Numata et al, 2008 . Table 1 shows the selected parameters to assess bone quality. 22 Spectra of hyaluronic acid alone and the biocomposite (1CH/2MB) were done to investigate the chemical composition of both ( Fig. 5 ).
Statistical analysis:
Values were presented as mean and standard deviation (SD). Data were explored for normality using Kolmogorov-Smirnov test of normality. The results of Kolmogorov-Smirnov test indicated that most of data were normally distributed (parametric data), so one way analysis of variance ANOVA test was used to compare between groups, followed by Tukey's post hoc test for pairwise comparisons. Paired t test was used to compare values at 3 and 6 weeks. 
RESULTS
I-Regarding matrix quality (Collagen quality):
The third week showed, higher mean value for the right side, followed by left side, with the least value in original bone. ANOVA test revealed that the difference between the three groups was statistically significant (P=0.011). Tukey's post hoc test showed no significant difference between right and left side ( Table 2 , Fig. 2 a) . While, the sixth week showed, a higher mean value for the right, followed by left side, with the least value in original bone. ANOVA test revealed that the difference between the three groups was extremely significant (P=0.00). Tukey's post hoc test showed significant difference between each two groups, ( Table 2 , Fig. 2 b) In the right side, a higher mean value was recorded at 6 weeks, with significant difference (P=0.00). In the left side, a higher mean value was recorded at 6 weeks, with no significant difference (P=0.215), (Table 3) 
II-Regarding mineral quality: (Degree of crystal maturity/ carbonate substitution)
The third week showed, higher mean value in original bone, followed right side, and left side, with the least value in control. ANOVA test revealed that the difference between the three groups was extremely significant (P=0.00). Tukey's post hoc test showed no significant difference between control and left side. (Table 4 , Fig. 3a) The sixth week, a higher mean value was recorded in right side, followed by original bone, and then left side, with the least value in control. ANOVA test revealed that the difference between the three groups was extremely significant (P=0.00). Tukey's post hoc test showed no significant difference between control and left side, (Table 4 , Fig. 3b ) In the right side, a higher mean value was recorded at 6 weeks, with significant difference (P=0.0028), While in the left side, a higher mean value was recorded at 6 weeks, with no significant difference (P=0.288), (Table 5) 
III-Regarding PO 4 / Amide: Degree of calcification
The third week showed, higher mean value in original bone, followed by left side, with the least value in right side. ANOVA test revealed that the difference between the three groups was extremely significant (P=0.00). Tukey's post hoc test showed significant difference between each two groups ( Table 6 , Fig. 4a ). The sixth week showed, higher mean value in original bone, followed by left side, with the least value in right side. ANOVA test revealed that the difference between the three groups was extremely significant (P=0.00). Tukey's post hoc test showed a significant difference between each two groups, (Table 6 , Fig. 4b ) In the right side, a higher mean value was recorded at 6 weeks, with no significant difference (p=0.617) In the left side, a higher mean value was recorded at 3 weeks, with no significant difference (p=0.79), (Table7) Fig. 3 (a, b) 
DISCUSSION
The biocompatibility of chitosan bioactive glass bio-composite soaked in the commercially available 0.2% hyaluronic acid (CH-MB-HLA) was confirmed as there no abnormal clinical inflammatory response along the study periods. Trabecular bone structure is complex, and also its numerical quantification. The current study choose a non-invasive conservative method to study different variables concerning bone formation.
Chitosan (CH) and hyaluronic acid (HLA) are similar in the chemical structure, they have wound healing properties. The chitosan acts as stimulant for HLA release. 12 Chitosan is a positively charged polysaccharide. While, HLA is a negatively charged molecules. Therefore, chitosan can electrostatically interact with HLA. 21 Muzzarelli et al. described CH has the capacity to promote more HLA synthesis. 10 The Fourier transform infrared spectroscopy (FTIR) analyses confirm the presence of carbonate bands on the surface of chitosan / bioactive glass composites which is responsible for rapid formation of crystallized apatite layer (more carbonate containing), in comparison with pure bioactive glass. 16 The sample composition chosen was (1 chitosan (CH): 2 melted bioactive glass (MB)). The interaction between such bioaglass and chitosan chains result in bone bonding and controlled bioglass degradation. 16 Exogenous high-molecular weight (HMW)hyaluronic acid was used due to increased adherence (high viscosity in gel form), and antibacterial activity. Low-molecular weight HLA does not gel like the HMW-Hyaluronic acid. Besides, the powder form is thin and difficult to handle compared to the regular high molecular hyaluronic acid. Locally applied HMW-Hyaluronic acid may have the advantage of retaining itself and growth factors within the tissue to which it was applied. The higher the MW was, the higher rate of bone formation. 14, 17, 23 Many researchers evaluated HLA effects on bone healing. It increased the expressions of bone matrix components (Alkaline phosphatase ALP, and Osteopontain OCN). 17, 23 Moreover, Tumor necrosis factor-alpha (TNF-α) play a vital role in the healing cascade, as the osteoblasts number expressed TNF-α was higher in 2 weeks in HLA treated group than control one, but in 4 weeks showed a markedly decrease in number. 25 The current study indicated long term effects and suspected sustain release of HLA, as the mean values for collagen content at 6 weeks were highly significant in HLA treated groups compared to HLA free groups at the same interval. While at 3 weeks group there is no significance between HLA treated and CH/MB group. Regarding, mean values of carbonated hydroxyapatite at 6 Weeks showed higher values in HLA group with significant results. The spectral bands of HLA showed more collagen content than the biocomposite (Fig.5 ) .
Salt et al demonstrated that HLA-tested specimens showed more orderly oriented strong collagen fibers, regarding the flexor tendon wounds in rabbits. 13 Our study confirmed high collagen content in HLA treated groups by means 7.54 at 3 weeks and 12.32 at 6 weeks compered to non-treated sites that was 7.42 at 3 w and 7.74 at 6 weeks. While, crystal maturation in HLA treated groups was 0.71 at 3 weeks and 0.153 at 6 w compered to non-treated sites that was 0.055 at 3 w and 0.058 at 6 weeks with significant increase.
In rat clavarial defects, 1% HLA gel showed non-significant results when used alone. While, using collagen sponge soaked in1% HLA result in more effective bone healing. 24 Aslan et al. (2006) concluded that HLA needs a scaffold to improve the rat of bone formation. However, Mendes et al. (2008) , concluded the effectiveness of such concentrations in rat maxillary molar fresh extraction sockets, as regard number bone trabeculae at 1&3 weeks and number of blood vessels at first week. Furthermore, HLA increases the expression of growth factor BMP-2 and protein of bone matrix osteopontin. 5, 15, [24] [25] [26] . HLA may act as a biomimetic scaffold for other molecules, such as BMP-2 and TGF-β. 13, 14 Current study revealed more collagen and crystal maturity in HLA treated sites especially at 6 weeks as mentioned before.
Alcantara et al, reported high bone formation in lower first premolar human sockets filled with HLA at 30 days, whereas at 90 days there was no difference between HLA and control groups. Also the alveolar bone dimensions showed no significant difference in the same study. It was concluded that HLA affected the early stages of bone healing 5, [24] [25] [26] For this reason the current study evaluated periods of 3 weeks and 6 weeks (early stages of bone healing).
CONCLUSIONS
Within the limitation of this study, hyaluronic acid could enhance bone regeneration by sustaining its release until 6 weeks when an osteocoductive scaffold soaked in 0.2% HLA.
